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Antagonistic actions of renal dopamine and 5-
hydroxytryptamine: effects of amine precursors on the cell inward
transfer and decarboxylation
'P. Soares-da-Silva & P.C. Pinto-do-O

Department of Pharmacology and Therapeutics, Faculty of Medicine, 4200 Porto, Portugal

1 The present work was designed to examine the interference of L-3,4-dihydroxyphenylalanine (L-
DOPA) on the cell inward transport of L-5-hydroxytryptophan (L-5-HTP) and on its decarboxylation by
aromatic L-amino acid decarboxylase (AAAD) in rat isolated renal tubules.
2 The accumulation of both L-5-HTP and L-DOPA in renal tubules was found to occur through non-

saturable and saturable mechanisms. The kinetics of the saturable component L-5-HTP and L-DOPA
uptake in renal tubules were as follows: L-5-HTP, V, = 24.9 + 4.5 nmol mg-I protein h-1 and Km = 121
(95% confidence limits: 75, 193) gM (n = 5); L-DOPA, Vm, = 58.0+ 4.3 nmol mg-' protein h-' and
Km = 135 (97, 188) pM (n = 5). When the saturation curve of L-5-HTP tubular uptake was performed in
the presence of L-DOPA (250 gM), the maximal rate of accumulation of L-5-HTP in renal tubules was
found to be markedly (P<0.01) reduced (Vma,,= 10.5+1.7 nmol mg-' protein h-', n=4); this was
accompanied by a significant (P<0.05) increase in Km values (325 [199, 531] gM, n=4).
3 L-DOPA (50 to 2000 gM) was found to produce a concentration-dependent decrease (38% to 91%
reduction) in the tubular uptake of 5-HTP; the Ki value (in 4uM) of L-DOPA for inhibition of L-5-HTP
uptake was found to be 29.1 (13.8, 61.5) (n= 6).
4 At the highest concentration tested the organic anion inhibitor, probenecid (10 UM) produced no

significant (P=0.09) changes in L-5-HTP and L-DOPA uptake (18% and 22% reduction, respectively).
The organic cation inhibitor, cyanine 863 (1-ethyl-2-[1,4-dimethyl-2-phenyl-6-pyrimidinylidene)methyl]-
quinolinium) produced a potent inhibitory effect on the tubular uptake of L-5-HTP (Ki=212 [35, 1289]
nM, n=8), being slightly less effective against L-DOPA uptake (Ki=903 [584, 1396] nM, n=5). The
cyanine derivatives 1,1-diethyl-2,4-cyanine (decynium 24) and 1,1-diethyl-2,2-cyanine (decynium 22)
potently inhibited the tubular uptake of both L-5-HTP (K, = 100 [49, 204] and 120 [26, 561] nM, n = 4-6,
respectively) and L-DOPA (Ki=100 [40, 290] and 415 [157, 1094] nM, n= 5, respectively).
5 The Vm,, and Km values for AAAD using L-DOPA as the substrate (Vm,,= 479.9 + 74.0 nmol mg-'
protein h-'; Km = 2380 [1630, 3476] gM; n = 4) were both found to be significantly (P< 0.01) higher than
those observed when using L-5-HTP (V, = 81.4+ 5.2 nmol mg-' protein h-', Km=97 [87, 107] gM,
n = 10). The addition of 5 mM L-DOPA to the incubation medium reduced by 30% (P< 0.02) the
maximal rate of decarboxylation of L-5-HTP (Vm. = 56.7+ 3.1 nmol mg-' protein h-', n= 10) and
resulted in a significant (P< 0.05) increase in Km values (249 [228, 270] gM, n= 10).
6 The results presented suggest that L-5-HTP and L-DOPA are using the same transporter (most
probably, the organic cation transporter) in order to be taken up into renal tubular cells; L-DOPA exerts
a competitive type of inhibition upon the tubular uptake and decarboxylation of L-5-HTP. The decrease
in the formation of 5-HT as induced by L-DOPA may also depend on a decrease in the rate of its
decarboxylation by AAAD.
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Introduction

In the kidney, dopamine has been suggested to be of some
physiological importance in the regulation of tubular re-
absorption of sodium (Lee, 1993). The synthesis of dopamine
in renal tissues has been demonstrated to result from the
decarboxylation of circulating or filtered L-3,4-dihydroxy-
phenylalanine (L-DOPA) in epithelial cells of proximal con-
voluted tubules. This type of cell is endowed with high
aromatic L-amino acid decarboxylase (AAAD) activity and the
formation of dopamine is believed to occur after the uptake of
L-DOPA into this cellular compartment (Soares-da-Silva,
1993). The AAAD-rich epithelial cells of proximal convoluted
tubules have been also found to decarboxylate L-5-hydroxy-
tryptophan (L-5-HTP) to 5-hydroxytryptamine (5-HT) (Stier et
al., 1984; Sole et al., 1986). However, in contrast to dopamine,

'Author for correspondence.

5-HT of renal origin has been demonstrated to produce sig-
nificant reductions in sodium and water excretion, accom-
panied by slight reductions in the clearance of p-
aminohippurate and glomerular filtration rate (Itskowitz et al.,
1988; Li Kam Wa et al., 1993). It is possible, therefore, that
depending on the availability of L-DOPA and L-5-HTP, this
type of cell will synthesize dopamine and 5-HT, the actions of
which will be antagonistic in nature. When L-DOPA is infused
together with L-5-HTP into the renal artery there is a lessening
of these antinatriuretic and antidiuretic effects; the effects of L-
DOPA occurred without changes in the urinary excretion of 5-
HT, leading to the suggestion of a functional reciprocal effect
of the two amines (Itskowitz et al., 1988). This, however, does
not exclude the possibility that L-DOPA and L-5-HTP might
compete for uptake or decarboxylation by AAAD in renal
tubules. In fact, L-DOPA has been demonstrated to be the
preferred substrate for AAAD and to exert a competitive in-
hibition upon the decarboxylation of L-5-HTP in brain tissues
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and liver (Hagen & Cohen, 1966). Though, to our knowledge,
no evidence has been presented on the possibility that the two
precursors might share the same transporter in renal tubules,
the tubular uptake of both L-DOPA and L-tryptophan, the
precursor of L-5-HTP, have been demonstrated to occur
through energy-dependent and stereo-selective carrier-medi-
ated processes (Williams & Huang, 1970; Chan, 1976).

The present work was designed to examine the synthesis of
5-HT in isolated proximal convoluted tubules and homo-
genates of renal tubules from added 5-HTP and to study the
interference of L-DOPA with 5-HT formation. The de-
carboxylation of L-DOPA and L-5-HTP in intact renal tubules
is assumed to reflect mainly the metabolism of the taken up
substrates, whereas the decarboxylation of both substrates in
homogenates reflects AAAD activity. A preliminary report of
these results has been presented at the 8th Meeting on Adre-
nergic Mechanisms (Pinto-do-O & Soares-da-Silva, 1994).

Methods

Male Wistar rats (Bioterio do Instituto Gulbenkian de Ciencia,
Oeiras, Portugal) 45-60 days old and weighing 180-220 g
were used in the experiments. Animals were kept two per cage
under controlled environmental conditions (12 h light/dark
cycle and room temperature 240C). Food and tap water were
allowed ad libitum and the experiments were all carried out
during daylight hours.

Tubule preparation and uptake studies

The preparation of renal tubules was based on the techniques
described by Shah et al. (1979) and Bloch et al. (1992) with
minor modifications. Animals were killed by decapitation un-
der ether anaesthesia and the kidneys removed through a
midline abdominal incision, after which they were de-
capsulated, cut in half and placed in ice-cold Collins solution
(containing in mM: KH2PO4 15, K2HPO4 50, KCl 15, NaHCO3
15, MgSO4 60 and glucose 140, pH = 7.4). The outer cortex was
cut out with fine scissors and minced with a scalpel into a fine
paste. The cortical paste was filtered sequentially through a
series of Nybolt nylon sieves, first 180 gim and then 75 gm.
Unseparated cortex remained on the upper (180 gm) sieve,
while the lower one (75 gm) retained predominantly proximal
nephron segments. The sieves were continuously rinsed with
cold Collins solution throughout. The retained tubules were
then washed off with cold Collins solution and collected into a
pellet by centrifugation at 200 g, 5 min, 40C; renal tubules used
in incubation experiments were suspended in Hanks medium.
The Hanks medium had the following composition (mM):
NaCl 137, KCl 5, MgSO4 0.8, Na2HPO4 0.33, KH2PO4 0.44,
CaCl2 0.25, MgCl2 1.0, Tris HC1 0.15 and sodium butyrate 1.0,
pH=7.4. Pargyline (0.1 mM) and tolcapone (1 gM) were also
added to the Hanks medium in order to inhibit the enzymes
monoamine oxidase and catechol-O-methyltransferase, re-
spectively (Fernandes et al., 1991; Soares-da-Silva & Vieira-
Coelho, 1993). The viability of proximal renal tubules used in
this study was assessed by the trypan blue (0.2% w/v) exclu-
sion method; nephron segments were pipetted to a glass slide
and observed 90 s after exposure to the dye, under a Leica
microscope: more than 90% of the renal tubules excluded the
dye.

In experiments designed to study the uptake and de-
carboxylation ofL-DOPA and L-5-HTP in intact renal tubules,
the preparations were preincubated for 15 min in gassed (95%
02 and 5% C02) and warm (370C) Hanks medium and,
thereafter, incubated for further 15 min in the presence of in-
creasing concentrations (50 to 2000 jiM) of L-DOPA or L-5-
HTP, respectively. In experiments designed to study the in-
terference of L-DOPA with the uptake of L-5-HTP, renal tu-
bules were preincubated for 15 min in the absence of the
compounds to be tested; after preincubation, renal tubules
were incubated for 15 min in Hanks medium with increasing

concentrations of L-5-HTP (50 to 2000 jM) alone or in the
presence of 250 MM L-DOPA. In another set of experiments,
renal tubules were incubated with 250 jM L-5-HTP alone or in
the presence of increasing concentrations of L-DOPA, probe-
necid, cyanine 863 (I-ethyl-2-[1,4-dimethyl-2-phenyl-6-pyr-
imidinylidene)methyl]-quinolinium) and the cyanine
derivatives 1,1-diethyl-2,4-cyanine (decynium 24) and 1,1-die-
thyl-2,2-cyanine (decynium 22). For comparison, similar ex-
periments were performed with L-DOPA instead of L-5-HTP
and the effects of probenecid, cyanine 863, decynium 24 and
decynium 22 studied. The preincubation and incubation of
renal tubules (500 p1) were carried out in glass test tubes,
continuously shaken and gassed (95% 02 and 5% C02)
throughout the experiment and maintained at 37°C. The re-
action was stopped by the addition of 100 pl of 2 M perchloric
acid and the preparations kept at 4°C for 60 min. The samples
were then centrifuged (3000 g, 4 min, 4°C) and 500 ,ul aliquots
of the supernatant filtered on Millipore microfilters (MFl) and
directly injected into the high performance liquid chromato-
graph (h.p.l.c.) for the assay of 5-HT and dopamine.

AAAD preparation and decarboxylation studies

In experiments designed to study the decarboxylation of L-5-
HTP or L-DOPA and the interference of L-DOPA with the
decarboxylation of L-5-HTP, homogenates of renal tubules
instead of intact renal tubules were used. The tubules were
homogenized in 0.5 M phosphate buffer (pH = 7.0) with Tho-
mas teflon homogenizers and kept continuously on ice. Ali-
quots of 250 MI of tubular homogenate plus 250 jl incubation
medium were placed in glass test tubes and preincubated for
15 min. Thereafter, L-5-HTP or L-DOPA (50 to 10,000 gM)
was added to the medium for a further 15 min; the final re-
action volume was 1 ml. In experiments designed to study the
interference of L-DOPA with the decarboxylation of L-5-HTP,
homogenates were incubated with increasing concentrations of
L-5-HTP (50 to 10,000 jM) in the presence of 5 mM L-DOPA;
in these experiments, the addition of L-DOPA (5 mM) to the
incubation medium was performed during the incubation
period only. The composition of the incubation medium was as
follows (in mM): NaH2PO4 0.35, Na2HPO4 0.15, sodium borate
0.11 and pyridoxal phosphate 0.12, pH = 7.2; pargyline
(100 gM) and tolcapone (1 gM) were also added to the Hanks
medium in order to inhibit the enzymes catechol-O-methyl-
transferase and monoamine oxidase, respectively. The pH of
the reaction medium was kept constant at an optimal pH 7.0
(Shirota & Fujisawa, 1988). During incubation, homogenates
of renal tubules were continuously shaken and gassed (95% 02
and 5% C02) and maintained at 37°C. The reaction was
stopped by the addition of 500 MI of 2 M perchloric acid and
the preparations kept at 4°C for 60 min. The samples were
then centrifuged (200 g, 2 min, 4°C) and 500 jl aliquots of the
supernatant filtered on Millipore microfilters (MFl) and in-
jected directly into the column of a h.p.l.c. for the quantifica-
tion of 5-HT and dopamine.

Assay of monoamines

The h.p.l.c. system consisted of a pump (Gilson model 302;
Gilson Medical Electronics, Villiers le Bel, France) connected
to a manometric module (Gilson model 802 C) and a stainless-
steel 5 gm ODS column (Biophase; Bioanalytical Systems,
West Lafayette, IN, U.S.A.) 25 cm in length; samples were
injected by means of an automatic sample injector (Gilson
model 231) connected to a Gilson dilutor (model 401). The
mobile phase was a degassed solution of citric acid (0.1 mM),
sodium octylsulphate (0.5 mM), sodium acetate (0.1 M),
EDTA (0.17 mM), dibutylamine (1 mM) and methanol (8% v/
v), adjusted to pH 3.5 with perchloric acid (2 M) and pumped
at a rate of 1.0 ml min-'. The detection was carried out elec-
trochemically with a glassy carbon electrode, an Ag/AgCl re-
ference electrode and an amperometric detector (Gilson model
141); the detector cell was operated at 0.75 V. The current
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produced was monitored using the Gilson 712 h.p.l.c. soft-
ware. The lower limits for detection of L-DOPA, L-5-HTP,
dopamine and 5-HT ranged from 350 to 500 fmol.

The protein content of the suspensions of renal tubules and
kidney homogenates was determined by the method of Brad-
ford (1976), with human serum albumin as a standard.

Kinetic analysis and statistics

Vma,, and Km values for the formation of dopamine and 5-HT
in intact renal tubules and AAAD activity in tubular homo-
genates were calculated from non-linear regression analysis
using the GraphPad Prism statistics software package (Mo-
tulsky et al., 1994). For the calculation of the IC50s the para-
meters of the equation for one site inhibition were fitted to the
experimental data (Motulsky et al., 1994). The Kis were cal-
culated from the corresponding IC50 s as described by Cheng &
Prussof (1973). Geometric means are given with 95% con-
fidence limits and arithmetic means are given with s.e.mean.
Statistical analysis was performed by one-way analysis of
variance (ANOVA) followed by Student's t test for unpaired
comparisons. A P value less than 0.05 was assumed to denote a
significant difference.

Drugs

Cyanine 863 (I-ethyl-2-[1,4-dimethyl-2-phenyl-6-pyrimidiny-
lidene)methyl]-quinolinium), 1,1-diethyl-2,2-cyanine, 1,1-die-
thyl-2,4-cyanine, L-3,4-dihydroxyphenylalanine (L-DOPA),
dopamine hydrochloride, L-5-hydroxytryptophan, pargyline
hydrochloride, probenecide and trypan blue were purchased
from Sigma Chemical Company (St. Louis, Mo, U.S.A.); tol-
capone was kindly donated by the late Professor Mose Da
Prada (Hoffmann La Roche, Basle, Switzerland).

Results

Incubation of renal tubules at 40C in the presence of increasing
concentrations of L-5-HTP and L-DOPA, resulted in a con-
centration-dependent accumulation of the substrates (data not
shown); in these experimental conditions the accumulation of
both L-5-HTP and L-DOPA was found to be linear and of
similar magnitude. When the experiments were carried out at
370C, the accumulation of 5-HTP and L-DOPA in renal tu-
bules was found to be greater than that occurring at 40C and
showed a trend for saturation (Figure 1). The maximal rate of
L-DOPA accumulation was found to be 2.5 fold that for L-5-
HTP and occurred at similar concentrations of the substrate.
The V,,. and Km values for the tubular uptake of L-5-HTP and
L-DOPA in renal tubules were as follows: L-5-HTP,
Vma,, = 24.9 + 4.5 nmol mg-1 protein h'- and Km= 121 (95%
confidence limits: 75, 193) gM (n = 5); L-DOPA,
Vma,,= 58.0+4.3 nmol mg' protein h' and Km= 135 (97,
188) yM (n = 5). When the saturation curve of L-5-HTP tubular
uptake was performed in the presence of L-DOPA (250 gM),
the maximal rate of accumulation of L-5-HTP in renal tubules
was found to be markedly (P<0.01) reduced (V..a= 10.5+ 1.7
nmol mg-' protein h'-, n = 4); this was accompanied by a
significant (P<0.05) increase in Km values (325 [199, 531] gM,
n =4).

Figure 2 shows the effect of increasing concentrations (50 to
2000 MM) ofL-DOPA on the tubular uptake of L-5-HTP (basal
values=5.2+0.7 nmol mg-' protein 15 min-, n=5) in renal
tubules. L-DOPA (50 to 2000 yM) was found to produce a
concentration-dependent decrease (38% to 91% reduction) in
the tubular uptake of L-5-HTP. The lowest concentration of L-
DOPA (50 MM) resulting in some inhibition of L-5-HTP uptake
was found to reduce by 38% the accumulation of L-5-HTP; the
greatest inhibitory effect on the tubular accumulation of L-5-
HTP (91% reduction) was obtained with 2000 MM of L-DOPA.
The Ki value (in pM) of L-DOPA for inhibition of L-5-HTP
uptake was found to be 29.1 (13.8, 61.5) (n=6).
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Figure 1 Formation of dopamine (0) and 5-hydroxytryptamine (U)
in suspensions of rat isolated renal tubules incubated for 15 min in
the presence of increasing concentrations of L-DOPA and L-5-
hydroxytryptophan, respectively; ([1]) effect of 250JIM L-DOPA
(added during the preincubation and incubation periods) on the
formation of 5-hydroxytryptamine from L-5-hydroxytryptophan in
renal tubules. Each point is the mean with s.e.mean of five to six
experiments per group. *Significantly different (P<0.05) from
corresponding values in the absence of L-DOPA using Student's t
test.
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Figure 2 Concentration-dependent inhibition by L-DOPA (50 to
2000 uM) of 5-hydroxytryptamine formation in suspensions of rat
isolated renal tubules incubated with 250iM L-5-hydroxytryptophan.
Each point represents the mean with s.e.mean of six experiments per
group.

As shown in Figure 3a, at the highest concentration tested
the organic anion inhibitor, probenecid (10 gM) produced no
significant (P= 0.09) changes in L-5-HTP and L-DOPA uptake
(18% and 22% reduction, respectively). The organic cation
inhibitor, cyanine 863, produced a potent inhibitory effect on
the tubular uptake of L-5-HTP (Ki = 212 [35, 1289] nM, n = 8),
being less effective against L-DOPA uptake (K,=903 [584,
1396] nM, n=5) (Figure 3b). The cyanine derivatives 1,1-die-
thyl-2,4-cyanine (decynium 24) and 1,1-diethyl-2,2-cyanine
(decynium 22) potently inhibited the tubular uptake of both L-
5-HTP (Ki= 100 [49, 204] and 120 [26, 561] nM, n=4-6, re-
spectively) and L-DOPA (Ki = 100 [40, 290] and 415 [157, 1094]
nM, n= 5, respectively) (Figures 3c and 3d). Basal levels of L-5-
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HTP and L-DOPA in renal tubules after incubation with the
corresponding substrates were 7.7 + 0.3 and 6.9 + 0.4
nmol mg-' protein 15 min-' (n = 15 - 16), respectively.

Incubation of homogenates of renal tubules with L-5-HTP
or L-DOPA (50 to 10,000 gM) resulted in a concentration-de-
pendent formation of 5-HT and dopamine, respectively (Fig-
ure 4). The Vm and Km values for AAAD using L-DOPA as
the substrate (Vma, = 479.9 + 74.0 nmol mg-' protein h-I;
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Km = 2380 [1630, 3476] gM; n= 4) were both found to be sig-
nificantly (P<0.01) higher than those observed when using L-
5-HTP (Vmax=81.4+5.2 nmol mg-' protein h-i; Km=97 [87,
107] gM, n= 10). The addition of 5 mM L-DOPA to the in-
cubation medium reduced by 30% (P <0.02) the maximal rate
of decarboxylation of L-5-HTP (Vma. = 56.7 + 3.1 nmol mg-'
protein h'-, n = 10) and resulted in a significant (P< 0.05) in-
crease of Km values (249 [228, 270] gM, n = 10). The addition of
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Figure 3 Effect of increasing concentrations of (a) probenecid, (b) cyanine 863, (c) decynium 24 and (d)
saturable uptake of 250yM L-5-hydroxytryptophan (closed symbols) and 250M L-DOPA (open symbols)
tubules. Each point represents the mean with s.e.mean of six experiments per group.
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Figure 4 Decarboxylation of (a) L-DOPA (0) and (b) L-5-hydroxytryptophan alone (U) or in combination with IOmM L-dopa
(O) in homogenates of renal tubules incubated with increasing concentrations (50 to 10,000.Mm) of the substrates. The results are
levels (in nmolmg-1 protein 15min-1) of dopamine and 5-hydroxytryptamine formed, respectively, from added L-DOPA and L-5-
hydroxytryptophan during a 15 min incubation period. Each point represents the mean with s.e.mean of four to ten experiments per
group. *Significantly different (P<0.05) from corresponding values in the absence of L-DOPA using Student's t test.
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decynium 24 (5 yM) to the incubation medium was found to
change neither the maximal rate of L-5-HTP decarboxylation
by homogenates of isolated renal tubules nor Km values for
AAAD (Vmain= 104.7+6.3 nmol mg-' protein h-', Km values
(84 [80, 89] gM, n = 4).

Discussion

The data presented here show that both L-5-HTP and L-DOPA
are taken up into renal tubules and subsequently dec-
arboxylated to 5-HT and dopamine, respectively. It is sug-
gested that L-5-HTP and L-DOPA share the same tubular
transporter, though L-DOPA appears to be a better substrate
than 5-HTP for tubular uptake and decarboxylation by
AAAD. However, considering the high rate of decarboxyla-
tion in tubular epithelial cells, the decrease in the formation of
5-HT as induced by L-DOPA most probably reflects a reduc-
tion in the intracellular availability of L-5-HTP.

Assuming that the kinetic parameters for the formation of
both 5-HT and dopamine in intact renal tubules reflect the
kinetics of the tubular transport system for the corresponding
substrates, it is interesting to underline the similarity of Km
values between L-5-HTP (121 [75, 193] 4uM) and L-DOPA (135
[97, 188] gM). This suggests that both substrates share the same
transporter for uptake into renal tubules. This is not unique
since at the level of the blood-brain barrier a similar situation
was recognized by Wurtman et al. (1981). The result that the
concentration-dependent uptake of L-5-HTP in intact renal
tubules is markedly reduced by 250 pM L-DOPA, a con-
centration which is twice the Km value for its uptake, suggests
the latter is exerting a competitive inhibition upon the tubular
uptake of L-5-HTP. This is also shown by the increase in Km
values for uptake of L-5-HTP in the presence of L-DOPA. The
finding that Ki values of L-DOPA for inhibition of L-5-HTP
uptake were lower than the Km values of L-5-HTP uptake in
renal tubules also agrees with the view that L-DOPA (1) exerts
a competitive type of inhibition upon the tubular uptake of L-
5-HTP and (2) may have a higher affinity for the transporter
than L-5-HTP. The observation that cyanine 863, but not
probenecid, reduces the tubular uptake of L-DOPA and L-5-
HTP suggests the involvement of an organic cation transport
system in the tubular uptake of both substrates. The result that
the two cyanine derivatives, decynium 22 and decynium 24,
also produce potent inhibitory effects on the tubular uptake of
L-DOPA and L-5-HTP can also be used as an argument sug-
gesting that both amino acids are sharing the same transporter.
This view is reinforced by the fact that Ki values for cyanine
863, decynium 22 and decynium 24 are similar when L-DOPA
or L-5-HTP are used as substrates.

The finding that the maximal rate of formation of dopamine
in intact renal tubules was 2.5 fold that for 5-HT cannot be
used as a direct indication that L-DOPA is transported into the
cell at a higher rate than L-5-HTP. These differences may to a
certain extent reflect the rate at which the transported L-DOPA
or L-5-HTP are decarboxylated by AAAD. In agreement with
this view are the results obtained in homogenates of renal tu-
bules; the maximal rate of decarboxylation of L-DOPA was
found to be 6.1 fold that for L-5-HTP. This suggests that L-
DOPA is a better substrate for AAAD than 5-HTP, though
the affinity of 5-HTP for the enzyme, as indicated by the Km
values, would favour the decarboxylation of the latter. This
discrepancy has been described in several tissues, both in the
central nervous system and the periphery, by several groups of
researchers over the past 30 years (Lovenberg et al., 1962;

Hagen & Cohen, 1966; Bender & Coulson, 1972; Sims et al.,
1973; Shirota & Fujisawa, 1988; Sumi et al., 1990). The dif-
ferent kinetic parameters for decarboxylation of L-DOPA and
L-5-HTP have even been considered as evidence for the pre-
sence of similar but different enzymes (Hagen & Cohen, 1966;
Sims et al., 1973; Sourkes, 1977). Recently, however, it has
been demonstrated that the purified rat renal AAAD pre-
ferentially decarboxylates L-DOPA in comparison to L-5-HTP
(Shirota & Fujisawa, 1988). Similar results have been obtained
by Sumi et al. (1990) using a recombinant human AAAD ex-
pressed in COS cells. The expressed enzyme decarboxylates
both L-DOPA and L-5-HTP; however, differences concerning
the kinetic properties for decarboxylation of L-DOPA and L-5-
HTP were found to be similar to those described in crude
homogenates or preparations with different degrees of enzyme
purification (Lovenberg et al., 1962; Hagen & Cohen, 1966;
Bender & Coulson, 1972; Sims et al., 1973). The mutual
competitive inhibition between L-DOPA and L-5-HTP de-
scribed in several studies and the present one in the kidney is
consistent with the finding of a single catalytic unit. According
to Bender & Coulson (1972), it is possible for L-DOPA and L-
5-HTP to be arranged in such a manner that the a-amino and
the a-carboxyl groups and the 3-hydroxyl group of L-DOPA
and the 5-hydroxyl group of L-5-HTP occupy corresponding
sites. With such an arrangement the aromatic rings of both
substances would no longer occupy corresponding planes or
sites. It is possible that this different arrangement may explain
differences in kinetic properties for the two substrates.

The functional relevance of the competitive inhibitory effect
of L-DOPA upon the decarboxylation of L-5-HTP by AAAD
is most probably meaningless; the concentrations of L-DOPA
(at least 5 mM) needed to obtain a 30% reduction in the dec-
arboxylation of L-5-HTP are well above the levels of en-
dogenous L-DOPA (- 10 gM). In order to occur, a competitive
inhibitory effect of L-DOPA upon L-5-HTP would have to be
at its tubular uptake, since the concentrations of the inhibitor
(L-DOPA) would be not far from those occurring under phy-
siological conditions (Wolfovitz et al., 1993). On the other
hand, it should always be kept in mind that the cellular
transport of one of these two large neutral amino acids is de-
pendent on the relative concentration of the other (Wurtman,
1981). Endothelial cells of cerebral blood vessels and of the
choroid plexus are known to take up L-DOPA and L-5-HTP
through the same carrier (Maruki et al., 1984; DeFeudis,
1986); furthermore, the rate of transport of L-5-HTP by en-
dothelial cells of the choroid plexus in hyperphenylalaninaemic
rats is considerably impaired (Piel et al., 1982).

In conclusion, the results presented here suggest that L-5-
HTP and L-DOPA are using the same transporter in order to
be taken up into renal tubular cells; L-DOPA exerts a com-
petitive type of inhibition upon the tubular uptake of L-5-HTP.
It is further shown that this inhibitory effect is only observed
when the concentration of the inhibitor is approaching half
saturation concentrations for uptake. The functional con-
sequences of this interaction between L-DOPA and L-5-HTP at
the level of tubular uptake may be of some relevance for the
overall understanding of the renal effects of dopamine and 5-
HT, as described in the accompanying papers (Soares-da-Silva
et al., 1996a,b).
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1139/92 from the Junta Nacional de Investigagio Cientifica e
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Fund'.
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